Groundnut is one of the staple foods in many parts of the world. Due to its high nutrient content, the nuts are liable to colonization by aflatoxigenic fungi and subsequent aflatoxin accumulation. This study was aimed at determining susceptibility of locally grown groundnut varieties to Aspergillus flavus in Homa Bay County, Western Kenya. A pretested questionnaire was used to survey agronomic practices on groundnut cultivation in 75 randomly selected households in the study site. From each household farm, 100 g soil samples and 500 g of groundnuts were collected at harvest and A. flavus isolated on Modified Rose-Bengal Agar and identified. Aflatoxin was then extracted from each of the groundnut samples and quantified using direct competitive enzyme linked immunosorbent assay (ELISA). Red Valencia was the most cultivated among the 8 varieties identified. Farmers (66%) obtained the planting seeds from the local market and most (92%) did not use fertilizers with majority (94%) having no knowledge of aflatoxins. There was no significant inter-variety difference in aflatoxin accumulation (p=0.744, F=0.581, Df=6, 61). A highly significant association (t = 2.652; P = 0.010) was found between storage state of the groundnuts and aflatoxin levels, with 94% of the samples stored unshelled having aflatoxin levels below 10 ppb. Overall, only 6.7% of kernels sampled from all the divisions did not meet the EC aflatoxin limit of ≤4 ppb while 4% did not meet the KEBS limit of ≤10 ppb. Though the agronomic practices were poor, aflatoxin levels were predominantly low in the region suggesting that the aflatoxin accumulation is likely influenced by agro-ecological zoning as other studies have also been indicated.
INTRODUCTION
In Kenya, there is a heavy consumption of groundnuts as vegetables, in weaning formulas and as snacks. This is the case in the developing world where approximately five billion people are at risk of chronic exposure to mycotoxins through consumption of maize and groundnuts contaminated with aflatoxin . This report indicate that aflatoxin levels in groundnuts in Kenya, range from 0 to 7525 ppb, and this *Corresponding author: E-mail: otienondisio@yahoo.com. Tel: +254(0) 714 867387.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License puts the people in the region at risk of aflatoxicosis (Mutegi et al., 2009) .
Studies by various researchers have indicated that there is human exposure to aflatoxins in Western Kenya. Firstly, the region has been reported to have high levels of stunting in children a trait attributed to consumption of small quantities of aflatoxin over a long period of time (Bhat and Vasanthi, 2003; Okoth and Ohingo, 2005; Mutegi et al., 2009) . Secondly, groundnuts are mainly produced by resource-limited farmers characterized by poor planting, harvesting, drying, processing and storage methods, factors linked to fungal contamination and aflatoxin accumulation in groundnuts (Waliyar et al., 2005) .
Due to heavy consumption of groundnuts in the region both by adults and children; a large proportion of the population are likely to be exposed to aflatoxins (Okoth and Ohingo, 2005) . It is difficult to completely eliminate aflatoxins from food once they are produced (Okello et al., 2010) . Mitigation methods are therefore focused on controlling fungal contamination. One of the susceptibility factors is groundnut variety. Currently, there is no well known locally cultivated groundnut variety that shows resistance to fungal colonization and aflatoxin accumulation and a set of agronomic practices which has been accepted and integrated by farmers in Homa bay County. Therefore, there is an urgent need to study and identify a locally grown variety that shows low susceptibility to aflatoxin accumulation. There is also need to identify acceptable and easy to use technologies and pre-and post-harvest agricultural activities which can be applied by the farmers in the study area so as to combat the aflatoxin menace and alleviate the impending health catastrophe should the entire population be exposed to the aflatoxins.
MATERIALS AND METHODS
Homa Bay County is located in South Western Kenya along Lake Victoria. Agro-ecological zones where groundnuts are grown are the lower midland zone 4 (LM4) and lower midland zone 3 (LM3) (Figure 1 ). Temperatures range from 17.1 to 34.8°C, with rainfall amounts of between 250 and 700 mm per annum (About Homa Bay County in Kenya, 2017). Agriculture is a major contributor to household income (52%) and groundnut is a major cash crop alongside sugarcane and rice (About Homa Bay County in Kenya, 2017) . Average farm sizes in the county is small with an average of 2.0 ha. While groundnut is grown under smallholder farming, sugar cane is cultivated at a large scale (About Homa Bay County in Kenya, 2017) Seventy five households were randomly picked using Geographical information system (GIS) mapping (a system designed to capture, store, manipulate, analyze, manage, and present spatial or geographic data) followed by confirmation and adjustments on the actual ground to the nearest household.
Each household was interviewed using a pre-tested questionnaire developed after conducting focus group discussions involving 20 participants from Homa Bay County. The data collected included: Pre-harvest practices such as farm preparation, the source of groundnut seeds, planting practices soil amendments/fertilizers, weed control, pest control, maturity checks, harvest methodology and post-harvest practices such as drying, storage, shelling, value addition (processing to peanut butter), market and general knowledge on aflatoxins. From each household, 500 g of groundnuts was sampled at the top, center and bottom of each bag in storage. Soil from each farm was sampled, so as to isolate A. flavus from the soil. Top soil was augured at a depth of 0-25 cm and half a kilogram of soil collected. Five samples were taken from each farm at random and then be mixed to form a composite sample representative of the farm.
Fungi were isolated from the soil samples and groundnuts using the dilution plating technique on a Modified dicloran rose Bengal agar (MDRB) (Probst et al., 2007) . The number Aspergillus sp. in each sample was expressed as the number of colony forming units (CFUs) per gram of sample (Jaime-Garcia and Cotty, 2004) . CFUs/g was calculated as follows:
Identification of Aspergillus species
Aspergillus sp. were distinguished macroscopically based on colony diameter, exudates and soluble pigment, surface and reverse colors and texture, shape, margins, elevation, pigmentation, the pattern of growth and conidial morphology characteristics (Klich, 2002) . Microscopic examination of Aspergillus sp. was done and identification done according to taxonomic schemes proposed by Klich and Pitt (1988) and Pitt and Hocking (1985) .
In order to determine the aflatoxigenicity of the isolated and identified species, DNA extraction was done using ZR Fungal/Bacterial DNA MiniPrepTM (Zymo Research) kit according to manufacturer's instructions. PCR amplifications were performed in 25 μl of a reaction mixture containing 12.5 µl One Taq 2x Mastermix with standard buffer (New England BioLabs), 1 µl of each primer, 8.5 µl Nuclease-free (double-distilled) water and 2 µl of the template DNA. PCR was carried out as follows: 1 step at 94°C for 5 min; 40 cycles of the following three steps: 20 s 94°C, 20 s at annealing temperature of 57°C, 1 min 72°C; and one final 30 min step at 72°C. PCR products were separated by electrophoresis on a 1% agarose gel with 2 µl ethidium bromide in 1x TBE buffer and visualized under UV light.
Determination of levels of aflatoxin in groundnuts
The groundnut samples were analyzed for total aflatoxin with a direct competitive ELISA using Total Aflatoxin Assay-Low matrix kit (Helica Biosystems Inc.) according to the manufacturer's instruction. (www.helica.com/assets/Total_Aflatoxin_low_matrix_-_96.pdf).
Statistical analysis
Analysis of Variance (ANOVA) was performed to determine the frequency of isolation of different strains of A. flavus and A. parasiticus. Determination of the relationship between toxigenic strains and toxin production was carried out using Pearsons correlation analysis.
To determine the relationship between the amounts of aflatoxin found in the groundnut kennels, the Aspergillus species isolated from the same kennels and the respective agronomic activities carried out by the farmers from whom the samples were collected, The samples were grouped into three categories based on their aflatoxin content in regard to established economic limits used in imposing trade restrictions by Kenya bureau of standards (KEBS) and European Union (EU). The proportion of the samples in each category was calculated. The samples were grouped as follows; samples with <4 ppb (acceptable by both KEBS and EU); ≥4 ppb to ≤10 ppb (rejected by EA but acceptable under KEBS standards), and >10 ppb. (Rejected by both EU and KEBS) (Wu and Guclu, 2012) ; Categorical data analysis using contingency tables was used to evaluate the association between these aflatoxin categories and fungal populations and agronomic activities. Categorical data analyses (Stokes et al., 2009) were carried out using R Gui version 3.3.2.
RESULTS

Common groundnut varieties
Among the eight groundnut varieties identified ICG-9991 was the most dominant. The levels of aflatoxin ranged from 0 to 43.23 ppb. Overall, 93.3% of the samples had aflatoxin levels below both KEBS and EC standards. This shows that majority of the nut produced are within the safe limits for consumption. No variety showed resistance to aflatoxin accumulation (P-value=0.744, F=0.581, Df=6, 61).
Agronomic activities
A large proportion of farmers (66%) bought seeds from local markets. The remaining proportion either recycling the previous seasons harvest or purchased from Agroshops. Majority of the farmers (92.1%) did not use fertilizer while growing groundnuts, of the ones that did 85.7% used organic manure which was applied a few weeks before planting. In majority of the farms (77.8%), weeding was done twice, just after emergence and just before pegging. Majority of the farmers (70.9%) used the browning of the leaves to tell if groundnuts were ready for harvesting, others (25.3%) did random checks by digging up randomly plants in the farm and checking the nuts had hardened enough. In most of the farms (78%), harvesting was done by digging up the plants using hand held hoes. No mechanized method of harvesting was observed in the study area. Drying was done in most cases for 3 to 4 days and most farmers tested the dryness in the nuts by the popping sound produced as they cracked the pods (Figure 2 ). The nuts were kept in the pods and shelling was only done prior to sale. Storage was in polypropylene bags kept on the floor, raised a few inches up by a rack made of wood. Majority (92.9%) of the population surveyed had no knowledge on aflatoxin contamination on groundnuts hence they neither knew nor carried out any control measure towards aflatoxin contamination on groundnuts pre-and post-harvest. Of the remaining 7.1%, the knowledge on aflatoxin was quite shallow with only two individuals had a clear knowledge on agronomic practices that could be put in place to reduce aflatoxin contamination in groundnuts. Other agronomic practices carried out in the study area in each of the three divisions were as in the proportions given in Table 1. A highly significant association (t=2.652; p=0.010) was found between storage state of the groundnuts and aflatoxin levels with 94% of samples stored in the unshelled state having aflatoxin levels below 10 ppb in comparison wiith 84% of samples stored after being shelled (Table 2) .
No significant association was detected between levels of aflatoxin and land under production, whether or not the crops were intercropped; use of fertilizers, weeding frequency, application of crop rotation, disease and pest control, cultivar type, harvest method or drying duration.
Population of A. flavus in the study area
Various Aspergillus sp. were isolated from the soil sampled from Homa Bay County from the soil. The species included Aspergillus flavus S-strain, Aspergillus flavus L-strain, Aspergillus niger, Aspergillus parasiticus and Aspergillus ochraecious (Table 3) .
There was no significant (p ≥ 0.05) variation in the population of the species in the soil sampled from the different regions in Homa Bay County except for A. parasiticus, which was isolated in the highest incidence with a mean population of 2160 CFU/g soil ( Table 2 ). The highest mean population (1780 CFU/g soil) of A. flavus Sstrain was in soil sampled from Nyarongi region while the population of A. flavus L-strain was highest (240 CFU/g soil) in soil sampled from Ndhiwa division.
There was no correlation between A. flavus S and L These individuals do not use contemporary production techniques in their farming practices but rather capitalize on the traditional crop production systems. This may be because of inadequate resources hence little investments into the farms by these farmers. They neither use pesticides and insecticides nor practice any recommended soil amendment methods developed for groundnut production. Instead, most of these farmers, about 90% of farms, engage in mixed cropping, with maize being the primary crop with groundnuts as the secondary crop. Even for farmers who practiced crop rotation in their activities, groundnut production alternates with the maize crops. This is in agreement with a study conducted by Kumar and Popat (2010) . Farmers with extensive farming lands are inclined to adopt efficient aflatoxin management strategies compared to those with small farming areas.
According to Wu and Khlangwiset (2010) , crops such as groundnuts and maize have a high susceptibility to aflatoxigenic fungi like Aspergillus sp, explaining the high incidence of the particular species of fungi within the study area. As most farmers use maize in the mixed farming practices and rotation processes, fungi resurgence remains inevitable. Besides, studies conducted in the USA provided a high concentration of A. flavus propagules in soils collected from maize fields compared to these from wheat and cotton farms (Abbas et al., 2004; Reddy and Raghavender, 2007) . A study conducted by Griffin et al. (1981) upholds these findings by providing the existence of a greater concentration of A. flavus in soils with continual maize and groundnut production within the same fields.
The population of aflatoxigenic fungal species was found to be high in the majority of the farms with maize being the previous crop and farmers doing no crop rotation whatsoever. The results of the study concur with the findings by Jaime-Garcia and Cotty (2010). According to these scholars, the previous crop plays a significant role in determining the incidence of both the A. flavus and A. flavus S-strains of the fungi. Such findings suggest the to lower the prevalence of aflatoxin contamination in groundnut production. A study conducted by Mutegi et al. (2012) in Western Kenya indicated that the percentage of A. flavus and A. parasiticus isolates testing for aflatoxin B1 and B2 was significantly higher in samples obtained from farmers who did not practice crop rotation compared to those that rotated their crops. Therefore, as Strosnider et al. (2006) contemplate, useful introduction and implementation of rotational programs help to break the life cycle of aflatoxin-producing pathogens Despite the fact that most farmers in the study exhibited poor agronomic practices, aflatoxin levels were relatively low agreeing with the findings of Mutegi et al. (2009) that in addition to agronomic practice, the agroecological zone also influences the aflatoxin accumulation. For example Eastern Kenya will always have high aflatoxin levels in comparison to Western Kenya and or the North Rift region of Kenya. Other factors which might have led to the low toxin incidence include; application of lime and farm yard manure as soil amendments. These, have proved effective in reducing A. flavus contamination and aflatoxin levels by 50 to 90% (Waliyar et al., 2008) . Lime contains calcium which tends to thicken the cell wall and accelerate pod filling. On the other hand, manure accentuates the growth of saprophytic microorganisms known to suppress pathogenic fungi in soil. Further, as Reddy et al. (2003) contends, amendments like gypsum provide sufficient calcium to the plant and increase plant tolerance to infections by A. flavus. Despite the fact that Aspergillus population does not correlate to aflatoxin accumulation, the Aspergillus populations could have been much lower if the farmer would have considered the use of soil amendments.
The results of the study presented a significant variation in the occurrence and spread of the fungi in groundnut family within the regions of study. Groundnuts grown in Ndhiwa area showed high susceptibility to foliar diseases, particularly early blight, and late blight. Even with the occurrence of the aforementioned diseases, the farmers did not use fungicides as management strategies. As postulated by Hell et al. (2000) , smallholder groundnut farming in Western Kenya is typical with disease and pest infestation when meager investments are placed in disease alleviation processes including application of pesticides. According to Mutegi et al. (2009) , smallholder farmers do not use pesticides or fertilizers in groundnut production. Moreover, they disregard appropriate agricultural and post-harvest handling practices, which tend to influence aflatoxin concentration.
In concluding the analysis of the study, it is evident that groundnut farmers within the study areas had no knowledge of aflatoxin, hence, did not view its existence as a challenge to their production processes. As Kumar and Popat (2010) stipulates, lack of awareness contributes to high aflatoxin quantities, as detected in some farms in Kobama, Ndhiwa and Nyarongi regions.
The farmers were unaware of the recommended practices thus their incapability to control aflatoxin contamination in groundnuts.
Population of Aspergillus species and aflatoxin contamination in groundnut kernels
Four strains of Aspergillus sp were isolated in the study from groundnut kernel samples from the three divisions. These included A. flavus L-strain, A. flavus S-strain, A. parasiticus and A. niger. Similar findings were recorded by Mutegi et al. (2012) , who isolated members of Aspergillus section Flavi from groundnut kernels in Busia and Homa Bay districts of western Kenya. According to Mutegi, the four strains of Aspergillus sp. are the most predominant species of the fungi in the Western section of the country (>60% incidence rate). From the findings of the study, 69% of the sampled groundnuts had different strains of Aspergillus section including A. flavus L strain, A. flavus S strain, A. parasiticus, A. tamarii, A. caelatus, A. alliaceus and A. niger. Arguably, the high population of Aspergillus sp. recorded at the harvest stage may have predisposed the kernels to high aflatoxin contamination. Increased incidence may have occurred as a result of pest attacks or mechanical damages imposed on the kernels during harvesting. Such occurrences introduce channels for the spread and colonization of aflatoxin-producing fungi (Waliyar et al., 2008) . Also, poor storage practices affect the levels of aflatoxin concentration, evidenced by the high population of A. flavus S-strain and A. flavus Lstains in groundnuts accessed from farmer stores. Good groundnut storage practices recommend the use of properly ventilated storage material. However, in the study, 50% of the farmers stored their groundnuts in polypropylene bags, most of which had poor ventilations to capacitate free flow of air.
The population of A. flavus S-strain was found to have no correlation with aflatoxin production In Homa Bay County potentially due to environmental conditions (Mutegi et al., 2009 ). These findings do not resonate provisions by Wagacha et al. (2013) . According to Wagacha et al. (2013) , the incidence and population of A. flavus S-strain significantly and positively correlate with the levels of total aflatoxin in groundnuts. This may be due to sample size. The presence of A. flavus S-strain implies a major health problem to consumers as reports have shown its capability to produce great amounts of aflatoxin especially aflatoxin B1 (Mutegi et al., 2012) , also classified as class 1 carcinogen (IARC, 1987) . In other studies, Jaime-Garcia and Cotty (2010) reported A. flavus S-strain to be the primary cause of aflatoxin contamination events in Africa and North America.
The current study evaluated aflatoxin levels at harvest in the groundnut samples used across the three divisions in Ndhiwa area. The findings indicated a 93% compliance with the recommended EU standards of aflatoxin levels (≤ 4 ppb) at harvest. On the other hand, a high proportion of the products (96%) satisfied the threshold provided by the Kenyan regulatory agency (KEBS), ≤10 ppb, at harvest. Even though such data indicate high quality and safety levels of the products, the predisposed storage conditions increase the susceptibility of harvested groundnuts to extensive aflatoxin contamination. Farmers in the area used polypropylene and allocated floor sections inside their houses as storage areas.
The study recorded the highest aflatoxin level at 43 ppb. High aflatoxin contamination levels (above the 10 ppb limit set by KEBS) have also been reported in raw and processed groundnuts from different regions in Kenya (Gachomo et al., 2004; Mutegi et al., 2012 Mutegi et al., , 2013 Wagacha et al., 2013) . In a recent study Mutegi et al. (2012) , 37% of groundnuts including products like groundnut butter and groundnut flour sampled from Nairobi, Nyanza and Western Kenya failed to meet the 10 ppb total aflatoxin limit set by the Kenya Bureau of Standards (KEBS, 2007) . Also, reports by Diop et al. (2000) indicated a mean content of 40 ppb of aflatoxin B1 in over 85% of groundnut oil sampled in Senegal. Significant concentrations of the toxigenic compounds were also reported in groundnuts sampled from farmers, stockers, traders and processes located Benin. Additionally, studies by Oliveira et al. (2009) conducted in Brazil also reported mean total aflatoxin level of 56 ppb in the sampled unprocessed groundnuts.
Conclusions
Agronomic practices carried out in Homa Bay County could have no effect on groundnuts infection by Aspergillus species and subsequent contamination by aflatoxins. However, some of the farmers who had aflatoxin contamination on their produce, lacked awareness on key groundnut production practices like proper crop rotation, land preparation methods, common diseases of groundnut and their management. The farmers also did not apply soil amendments or pesticides to control pests and diseases among others. Where crop rotation was practiced, maize was the main crop used in rotation, the maize stalks from the previous season was in most cases left to rot and ploughed back into the farms this type of practice might very likely to lead to accumulation of Aspergillus sp. spores in soil over time leading to rise in cases of fungal infection and aflatoxin accumulation.
This study shows that as much as there are many varieties with different attributes, all are equally vulnerable to aflatoxin contamination both pre-and postharvest, therefore, intervention strategies should be aimed at managing the toxigenic Aspergillus species both pre-and post-harvest. The great diversity of aflatoxin producing fungi poses another great risk of aflatoxin contamination in groundnuts.
In as much as there was low aflatoxin contamination of groundnuts sampled from Ndhiwa area, Homa Bay County with most of the samples being within the safe limits set by the EC and KEBS. But with the current production practices in place, there is a great risk of a rapid increase in aflatoxin levels in groundnuts from the area and this will pose a great health concern and may impact negatively on groundnut trade locally, regionally and internationally.
RECOMMENDATIONS
The awareness on the aflatoxin contamination of groundnuts should be raised, its implications on human and livestock health and trade should be made public information and the farmers trained in depth on possible management strategies. Furthermore, research should be conducted to investigate the different varieties both local landrace and improved types in regard to their resistance to fungal colonization and subsequent aflatoxin contamination.
